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Practical Applications of Current Limiting Diodes 
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k^.A^ be current Umituiig diode (CLD) xx current Tc^ulatiiig diode (CBD) has been available since the 
eariy 1960*8. Unfiutunately, despite its simplicity and distinct advantages over conventional 
transistorized applications, it has seen only limited use. One reason may be designers' lack of 
familiarity with practical circuit design techniques involved with its use. Another reason may be that 
althou^ many papers have been published on the device, most have dealt primarily with soUd-state the- 
ory, rather tfaua pcso&d ivpfieatimu. 'RmribEi^ ifcls the patpiHe oC^dspapir to &cos an how tins 
device is used, rather than on what it is. 



Conventional Constant Current Source vs. CLD 

From basic circuit theory; an ideal current source is one with infinite output impedance. The term 
constant current source usually applies to a circuit that supplies a DC current whose amplitude is inde- 
pendeot of a diange in eitfaw load or n^li^ vdltagB. 
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Hg. 1. Basic Constant Currsnt 
Ctoouil 



Constant Current dreult 

The simplest circuit is a voltage source in series with a resistor 
as shown on Fig. 1. The current is (Vs-VlVRs- The current would 
change very little if the load voltage, Vj^ is small compared with 
the 8U[^)ly voltage, V^, and the soiurGe reristano^ is madi 
larger than the load resistance, R^^. When the load vrftage is in 
the order of several volts and accuracy within a few percent is 
required, the circuit in Fig.l can be achieved only if Vg has a mag- 
nitude of several hundred volts. Hiis may be feasible, but is 
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FlQa S. HaiMistor ConaAanl 
Currant Circuit 




For a constant current source, the use of a transistor as shown 

in Fig.2 would eliminate the need for a high voltage source. This 
circuit provides a constant current of approximately 10 mA, which 
is determined by the current through Rj, and in turn on the volt- 
age across R^, i.e. V^'R^ |(R2 + R3)R|1. I^nce I|t]=lB=Ic=lL»^^ lo^d 
current, is also \^*KJ[{ + R3) R,]. Hiis current will maintain 
its constant amplitude provided the transistor is not saturated, i.e. 

Vl<S*R3AR2+R3, 

As the load, Rj , changes, the collector voltage of Qi will change, 
but the collector current will change very Httle because its dynamic 
impedance, r^, is very large, typically at 1 Mfl. The transistor oper- 
ates Ws£ a euirent siunce w^ reuBtance^ r^. A non-tw»uto 
souroe would require a nif^^ in the range of hundreds volts to 
equal this perfimnance. 

Even tton^ ttie Fig. 2 circuit r^iresents a great improvanoit 
over that of Rg. 1, there are stiU limitations on its performance, 
such as temperature drift associated with both resistor and tran- 
sistor parameters, notably the Vg^ and the leakage Iqq. Also, any 
Tui^oa i€ Vg wUl cause a Aange in &e bias voltagi; AiBnAn^ 
wiD alfect the constant current 



Fig. 3. Stabillzad Currant 

Source Circuit 




Fig. 4a. PET Constant Current 
Source Characteristics 



Fig. 3 shows a stabilized version of the Fig. 2 circuit In this 
circuit & zener diode replaces R2 of Fig. 2. Hie zener is equivalent 
to a batteiy in series with a low resistance, Rk, whidi is t^rpically 
2QQ. Ihis current has great atfdnlity against variatiaa in t^ 

vdtage, Yg. In the Fig. 2 circuit SO percent ( + R})] of 
the change in Vg woidd idect tfie bia^ lAoneas m &e 1%. 3 
circuit, only 0.04 penoit {R^OIx + 85^ ofa Vg change u felt on 
the Qj bias . 

A low temperature coefficient zmer may be used in this cir- 
cuit Many zeners with tenqierature coefficients of + 0.1%AC or 
leas are availshte^ % Mber im^eve Mality against tempera- 
ture drift, a 
diode may 
be added in 
series with 
the zener, 
thus com- 
pensating 
for the Vbe 
drift. 

Ftg. 4b. CLD Vtolt-Amiiwna 
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Semiconductor designers have been busy designing and 
developing a host of new ICs to speed systems, lower power 
or ma^ building a system easier and less cosUy. As the IC 
eomomic picture continues to improve, capacity for most lines (with 
the ezoepticm of dynamic RAMs and some flash memories) is abun- 
dai^ araou^ denund continues quite heavy. . a-. . -.^ t^,. 

Analyst! eaqied that &eqiring«nd8i|in^ cffg^' 
oe to be acttrc ipaiir IC nialm getting gev de^^ 

Haq ^ijh |tl|yt|f|[pOltin|)fain(glfcytOgl^^ 

PLX Tsdmology, Inc. recoitly announced expanded design sup- 
port for PCI- and CompadPCI-baaed products. "Hie PCI 9030RDK- 
LTTE and CompactPCI 9030RDK-LITE reference desgn kita sinipli* 
fy the development of PCI adf^tor desigos incorpoating FIXb 
FC9030 SMARlkrget" lA) 




Iha new tods eadi ; 
ofifer a basis for PCI and 
CompactPCI hardware , 
and software development 
using the PCI9030. The 
kits also o&r complete 
developmont environ- 
maots to aDow deeigoBTB 
to migrate {Hevious gener^ 
atioo iteaigns to those with « 
PCI9030,induding „ 
CompactPCI boarda. r . 

Ttie ki|a mclude refer^ 
mice design boards and a 
FLK ho^ Bt^tware devel- . 
lomifent |i|t (3DK). Eac^ j. , PLX Xachnology recently , 
:kH«j|nt^in8i(FCIv2.2'(ri( announced two reference design 
compliant PCI board ^ -t - kits for use with its PCIOOdO chip. , 
(PCI9030RDK-LITE)or 

CompactPCI board (CompactPCI9030RDK-LITE) based on the 
PCI9030^iqk. Hie kits aboofifercomitfdiensive , ' , 
^ QFIVBCIA^QOP/TSOP/PLCC/SOIC footprints and prototTiang araa 
for developing, drugging and testing. Other features include up to 8 
K X 32 dual-port SRAM. RS-232 serial port, six logic analyzer test 
headers, PLX option module connector, ISA connector footprint for 
designing PCI9030 into an ISA application and a CompactPCI form 
foctor that is both 6U and 3U capable. 

TftB tools also provide a hardware devek^m^tt kit CD-ROM con- 
taining all lucessazy hardware design information and documenta- 
tion. Ihey include a host SDK CD-ROM with Widows 9S/200Qi/NT 
device diiv^ PLXMon" 2000 d^ugger with an EEPROM configu- 
ration screea and custinnizable hot links and comprehensive host 
API hbraiy and a sanq}le PCI9030 dap. 

Available this quartei; the PCl9030RDK4irrE is pri^ 
and the CompactPCI9030BDK-IJTE is priced at $496, both with ^ 
PCI host SDK PLX Ibchncdogy^ 800 Potrero Ave^ Snanyvale, 
OA 94086; (800) 75»-378^ www.phrtedi.conL 
.u Writa In 1 37i or www.ecnmag*«oivy||i|i|^*^^: 



Technology; 

ISlini. Inc. recent^ announced new FPGAs febricated in a new.: t 
coRJer process tedmtdogy. Xilinx and UMC Group have collaborated 
m copper interconnect tedmolc^ for the last two years. Ihat (ech* 
nobgy is the foundation for KlimA n^yjii Viri^x^-E extended meipo-. f 
i7(VirteK-EM)FPGA. ' u.i, 

Copper interconnect offers lower resistivity, minimizing power . 
siqiqdy drop throu^ou|; th^ FPGA. The new fomily uses a 0.18 
n^cron, six-layer process with tb^ pop two layers depkiiyiiig 
copper intenoamc^ tllip^ Pllliaed ta route dodc lines to 

decrease cioAiBdMi^lfciWfgy*^ 
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continued from page '39 




ftMflon VlMT Off W- Ciw n n l FET 



Mb OLD Symbol 



Currant Umiting Diode (CLD) 

The CLD or constant current diode is basically a jundioBRTlnBrfitar ^onifaif 
with itB gate shorted to the source tenninal, as shown in fig, 4a. 

VnS ininomiedantil&e r£ri*b voltage breakdown Ikdt is ivached. Iliis currait-lim- 
iting characteristic is shown in Fig.4b. In order to e^dain the Vig. 4b diaracteristics. a 
cross section of the N-channel JFET is shown in Fig. 5a. 

When the drain current b^ina to flow as voltage Vpg is appUed, a voltage drop, Vpjjg, 
is developed along the channel. This voltage drop provides a reverse bias on the PN 
jimcti(m between the gate and channel. Space charge or depletion regions are generated 
aad sfnwd iato &e clumneL As Vxis is incroased, tltt inm 

reverse biaa Hence, llie defd^ioa r^fUBis grow ui^ ai^ fbr- 

ther increase in V^g will be counter-balanced by an increase in the depletion region 
toward the drain. When this condition is reached, the current has reached its limiting 
GooditicML The voltage that causes the current to readi limiting condition is called 
Vp, the pinch-off voltage. 

When a JFET is used as a CLD, its symbol becomes that shown in Fig. 5b. The drain 
beoomes the anode, "A", and the source beeomas the cathode, *K". 

Becanse of its inuqne earrentUmfting daracterigticB, ie veiy large imped- 
ance (typically in megohm range), and low temperature drift (as compared with the 
transistor), the CLD's advantages over transistors in current-limiting appli^aliL;!! Ltn 
obnoua. Moreovei; a aioi^ CLD rq;ilaoes five companents in the transistorized version 
to auhkwB tisB floaie paferamBtt as a aaogtMit cm iiait amvca. 
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Fig. 6. Differential Amplifier 



Tbdays most popular 
amplifier is the differential 
amplifier because, theoreti- 
cally, it responds only to the 
difference of two signals, and 
is inhereotily tempmitan 
stable Hie oommoo-inode 
r^edam ratio, CBfR, is nor- 
mally a measure of its per^- 
mance — i.e. the hi^er the 
CMR, the better a device's 
performance. Presented in 
Big, 6 &i a standard £fiaai- 
tial anqiGfier drenit and in 
Fig. 7 is an AC equivalent 
circuit, which will be used to 



show how the CMR may be greatly improved by incorporating a CLD to provide a con- 
stant bias current. 

lb simphfy the analysis, transistors Qi and ^ are flwnimpd identical, Rsi = Rgs 
Rli=Rl2. and RE »(R^ + rt/p + r^). Withe^|niiiiil iiiMleM«»Wrt«dtogPwiAtiie 
signal, V£, at terminal E would be 1^2 of e c 
emtttetsof Q| & Q2 are the same. Hence 

^1 - (e i^. - yg) = 1^ e / [(r^ + (Vb, + R.,) /^t^ 



BVOi 



Ffar ^ sines the emitter current is the 8 
», / e I., = + W2 R,/ |r, + (r^i + Re,) /ftii 
The voltage gain of Q2 is the same as Q|. but opposite in sign. 

If the bias resistor, R^. is finite, it has a parallel eflect on the impedance (r, 4 
+ Bg/p)ofQ2.Hence VEischangedfiom l/2ei,itoiaBialBB/(Ilj + r, + rk/P + 
R^l and vg thus is slightly smaller. Q,'s emitter cnmnt tfaereloR is inenaaed, and 
Q2's emitter current ia decreased. lUs in^ne (hat Q,^ gnn is hi|^ 

With regard to flia aaona aifaal a k» tis eBM is ei|ial hit annnl* ta that 

•^/a u — Hi/ ^« + ^ 

VHt^latt a u oBd a Id pnaent, the output voltage can be shown by superpositimi to 



Indii 



nieuiuro 

offiwtVDUage^ 
easily set with a 
against high 1 
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Market AvallabHty or CaLl>>* 

Ibday, CLD's are available with current ranges from 35 fiA to 15 mA and a 
impedance values from over 20 MH to several hundred K£2. Their peak voltage rating 
ranges fmm 50 to over lOOV. Temperature coeflGdrats are typically within ±0.3%^. 
Near the 1 mA level, the Tc is close to 0% per °C. The low-oast CCLOOS&CCLSTSO series 
fivm Central Semiconductor has a cnnent nmge 60m 36 |iA to 6 mA, with peak TOltagt 
ratings of 100 V, and peak power at 600 mW in a DO.35 paiiage. Hk CCLHM080 - 
CCLH150 series, also in a 0035 package, provides 6 mA t» 15 mA.aitha]ieak«allaee 
rating of SO V, and peak power of 600 mW. The use of CLD's is limiM tilt if snA 
imagirort ianintheaii i i H e ation rfthebasiclairaofei udmiica . 



) + l/2aj 



ItliiUowBthat: 



i ( ) 



re.Hfb*Ils)'Pl 



and 



»oa = iy2 (eM-eM)R i. 



The above shows that if e ^ e ^ then Vpi = v^j = 0; and if e = -e j^j. tben the 
above becomes 

»oi = -e»i ( ^. ) . •'o2 = + eM ( Kl > 
r,tK>i,*IlB)/W r, + Kik*Ilg)/H 

tte aa^lifo thus induces equal and c|ipc>He outputa baaed upon IIk diflbroMe 
between the two input signals, but independent of their sum. 

If e = e ij^, and Kg is finite, then the current in Q, and Q2 is no longer constant, 
and a total change of e |„i /Rg results. Each transistor's current dianges fay 1/2 e ^ /Rg, 
with a resulting output diange of - 1/2 e ,„| R^/Rp,, outofphaaewiflieu'AfinitoBK 
would result in appredabte output, even when e = e |n2. 

When a (fi&rSDtial mvli&r is used to measure the dififerenoe of tm npola, the cri- 
tam fo petfinumee is the ratio oT the gain due to the dilfoc«e to llie fain due to Uie 
aoBcfOialllBtoput signals, known as common mode n gedi o o,erC3iB. 



CMR = 
CMR = 



'^■1.1 - Sins) 
2Re 



/ 

/ (ei., + #M) 



Fbr the Rg. 6 circuit. l/g„ - 500,^^60 

Heoce, CMR = 2 (lOK) = 385. 
50^100 
50 



If a 1 mACLD is used for R^a8dioiniiiiFiB.8<pa9»CB)taiidi 

a CU) is typically 1 MegO, 

One can see the signifi- 
CMR = 2(1,0(X).000) = 36,461 cant improvement in 

52 CMRby a fectorofroore 

tiiaalOfflCiriththeCLD. 




Fig. 7. EquMwitAC 
Circuit with Cbi, tfOa 



Even though the current range of the CU) is limited to less than l&iiA,tiliBaiinBt 
may be practicall>' ampliBed to a higher level. E3iown in Fig. 9 is a cncnit aring m 0| 
amp to eitlier ampUfy or attenuate a CLD's current level. 

Since an ideal op-amp has infinite input impedance, its input currents IN+ 
and IN - are zero, and its differential input Vjj^ = 0. llierefore. 



Since IN- = 0. Ir, = 

And since IN+ = 0, I^ = Ig^^ 

IcLD ^1 = 'ltL*R2 

Irl ~ Inj> ^1 



TheLTC24lo| 
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perfed foi [lorf 
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Tim sfaowB that tbe CUfs current levd may be amplified or atteiuated the 
ratio of resistors Rj aDd Rj. 'Rub masdmnm load currant is hmited hy ttie Op 

Amp's current capacity - i.e. for a given Ijd^ the TnaTimnm is limited by the 
input voltage rating of the Op Amp, such that Rj^ < max. input voltage rating. 

There are many Op Amp's available with current ratings up to several hundred mA, 
and with input voltage ratings up to 15 V. Their input voltage offsets range from a few 
jlV down to a few fiV, and input ofiset currents from 1 \iA down to less than 1 nA. Hence 

ttma tit a high pwfiinnptiii* Op Amp prrwriHfM -my nt^mrafa. t-nrrami amplHM-^jnfi nf 

attramation. Assume, fin* example, that Iqjp 1 tiA, = IK and Rg =100. If R|/B^10, 
then Icij, is amplified 10 times, allowing 19:||4|»^]p|ilF^ii|E^fllbBt was 1 fibV, 

this would cause only a 0. 1% error. And if ftis 
would still cause only a 0.1% error. 



IIk Cnnsot An^iB^'iiig'Dividiiig Itedmique 
resstanoe measurement The measurement circuit, if digitally controlled and pro- 
grammed, may become part of an automatic test equipment (ATE) system. 

From the basic formula = IRx, the voltage, V^, is pmpiDrtional to the unknown 
reBistanoe,B-.lf I isknown^the unkirawnl^may be found by reading the voltage Vx- 
Reftrrii«4«i»ll|| IMSiniri^ if «e aeieet Rt fliat%|^% ^Ite nkflefr m 1^ 
kakolV. 



Hst-R,Vx 

ff Rg is sdected in aaiUqJes of tO, and V, is Kmited Ip |i ril i( i i iWHgi| 1 
v&iiDim, Rp mqr be lead an a deeimBl soda 

Far mm!^ if Bg k: 

100 n, Rx = 100 Vx 

1,000 a Rx = 1,000 Vx 

10,0000, Rz» 10.000 Vx 
100,000 n, Rx = 100,000 Vx 
1,000.000 n, Rx = 1,000,000 Vx 




Fig. 10. RMistanc* Ma as ur in g Circuit 



cmrent flows throu^ a 

known resistor, a known volt- 
age is generated. This may be 
used as a reference (as shown 
in Fig. 11a) in many feedback 
control Applications such as 
DC r^uli^iao. motor speed 
contnd, automatic fiie(iuency- 
control, and automatic gain- 
control. When the volt^ige ref- 
mnoe is switched oa and o£t 



iiQaRK.lttbttfaBGaine 
be used in a ptdBc-guKirator dseiBB. 
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Ultra High-Speed Pulse Amplitude 

Shown in Fig. 12 is a high-speed pulse amplitude reference circuit The amplitude of 
1 volt ia gewrated a lOmA Caj) tlran^ 100 limii. TIic » and bU tiniea an len 
than 10 nS, achieved with the use ofScfaotfty fiodn as mritdiea, driren fajr an uHn- 

higfa-speed op-amp. 

In this circuit, the Op Amp, U], is driven by a digital TTL pulse signal. When the sig- 
nal goes to logic "0", Uj's output goes high, and diode Dg is reveree biased and turned ofli 
thus aUowing the con.stant current through diode, D2, onto Ri- As the TTL signal goes 
high, U|'b output goes low, thus forward-biasing D3 and reverse-biasing Dj. Henoe, the 
cunanttoBiiaaaleMaCThe result is a refenmpolaawithiraaraanfli^^ 
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Rg. 11a. Vottag* Referenca Fig. 11b. A Pirisa 



of Ohm's law, namely: 



iR. I ■ C dv_ and v « L di 
dt dt 
Sofa;cn^y toygiRwrrioDhMbeenusedintlusiBmnt.wtimof |gactical 




Hie alxnre shows that if the five resistor values from 100 12 to 1MI2 are mcorporated 
fat R2» efSsctivefy Uie circuit of Rg. 9 is now tranrformed into a resistance-measuring 
dxcnit wilii 5 decnnal scales ce^id^ of measuring resiirtaniss up to 1 IdQ in five rsng 
Fig. lOdnrneacbatraoBfapqaedciiie^withdiBaflteeon^ 

Hub circuit may be auto- 

mated with an A-D converter 
to convert Vx into Digital 
Data. Selection of the proper 
scale may be achieved through 
auto-ranging techniques under 
dig^ceDtniL 



Fig. 12. Ultra High spMd Pulse Amplituda Reteranc* 

tions. As for the other two versions, v =Ldi/dt is not relevant, since di/di for a constant 
current device is zero. The remaining applicable equation is: i =C dvldt. Presented next 
are some suggested uses of this formula. 

From i = c dvldt, if i is constant, then v is a ramp function. This means that if a con- 
stant airrent is switdied into a capsotBr, as Amm in fig. ISa, a ramp voltage ^itiA. 
inoresses linear^ with time » generated, as dumi in Figure l%i 

If the switch is added aeroBS tiie capacitor as shown in Fig. 14a, and the switch is 
closed for some period, tfeoi ^KBed Ik' some (^ber period, the ouUpot, shoim in Fig. 
14b is a sawtooth wanrribnn wfaoee Aqpe d^Mods en fiw dosed and 



Fig. 13a. Ramp Circuit 



Fig. 13b. Ramp Function 



Assume that the switch is closed for a veiy short p»iod, then opened for a fixed peri- 
od, and thai tiiB proeess is r^eated indefimtetjt llie neott woidd b* a cn 
tooth with constant peak a mpUtu d e as shown in Fig. 14c 

AppllcaUon of flnmp Waveforms 

It is not enou^ simply to know how to generate such waveforms; we must know bow 
to apply them. Since the equation, vq = it, relates voltage to time, one can either use its 
vdtage characteristics to control time, or its time diaracteristics to oontnri voltage. 




! On/Off Ibns (T onfT aff| 

The ramp fimction of Fig. 13b may be used for automatic IbnAIbfT detection. Since 
TunyToff is an importfuit semiconductor parameter, the abiUty to test it automaticall; 
would save the mannfaffaffer time and mooqr. As shown in Fig. 13b^ the Vp anyli- 
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Rg. 14a. Sawtooth Circuit 



tilde is proportuHial to time. At time T^, 
ttie Vc levd is at Vj. If Tj wpneentB a 
tmsbtor's maximum T^^^ time, &en 
we can use V, as a reference for compar- 
iaen with the peak voltage of a ramp 
corresponding to Toc/^otf of the 
transistor under test. If the Vpij > Vj, 
the detection circuit's output would indi- 
cate biluro^ or vioB vena. Kg. IS dmn 
a simplified vmon of audi a ds ta et i u n 
circuit 




Vc>0 



When a sawtooth or triangu- 
lar signal is compared with a DC 
signal, a pulse signal may be 
generated. The pulse width, PW, 
may be varied or modulated if 
the level of the DC signal is var- 
ied. Sbom in Fig. 16a is a siB^ile 
pulse width modulator (FWM), 
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Fig. 14c Sawtooth w a v to nn wWi oonstant pMlod> T. and eonatant Vpi^. 



Ton 'Toff 
converter 



I i 



PASS/ 
FML 
DETECTOR 



Ha. IS. 



with output waveforms for two DC signai levels shown in Fig. 16b. 

This pulse width modulator may be used as part of any feedback loop to control the 
proper function of an electronic apparatus such as a sovo aiB^ilifia; smWn^ rag^Mo^ 
phase controller, or a voItage-oHitroUed oscillator. 

Using a switching regulator as an example, its DC output is proportional to the 
duty cycle of the switching device that chops its DC input signal. When its DC output 
is compared with a reference sawtooth through a pulse width modulator, the pulse 
width of the PWM will vary in such a way that the DC output is maintained within 
its accural^ range. Shown in Fig. 17 is a simplified sketch of a PWM used within a 
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Flg.17. 

±10 V, and acquisition time of 1.5 |iS max, a staircase 
used fcHT voltsge level omtrol fx discrimin^cm. 



The Current Limiting Diode, offer- 
ing simplicity and hi^ performance 
characteristics when compared with a 
bipolar transistor, has been shown to 
o&r versatifify in maiqr cireiit ^ipfi- 
cations, as wdl as f 
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Hf. 18b. Smipto a HaM Oulpiit Wmtoiin 
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1^ tab. PWM OuHHit Wavafianna 



A staircase waveform may be generated through the use of a sample and hold tech- 
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